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NATTORAL ADVISORY COMMTTTEE FOR AERONADTICS

RESEARCH MEMORANDUM

EFFECT OF RETRACTABLE IGNITION PLUG ON PLUG FOULIRG
BY CARBON DEPOSIIS

By Jerrold D. Wear and Theodore E. Locke

SUMMARY

An investigation was conducted using e single combustor from a
4600-pound -thrust turbojet engine to determine if ignition-plug
fouling by carbon deposits could be prevented by retracting the plug
from the combustion zone during operation after ignition had taken
place. The fuels used were normally conducive to forming carbon.
Investigations were also made to determine the effect a retractable
ignition plug has on starting, altlitude combustion efficlency, alti-
tvde operationel 1limits, and temperature distribution &t the com- |
bustor outlet and to, compare these results with results obteined
using a stendsrd plug.

The retractable ignition plug (withdrawn from combustion zone)
was not fouled with cerbon deposita at englne condltions or -with
fuels thet did ceuse the standerd piug {in the combustion zone) %o
become fouled. Starting, altitude combustion efficliencles, and altl-
tude operationsl 1limits determined with the standard plug were unaf-
fected by the retractable plug. Temperature distribution at the com-
bustor outlet obtained with the retracteble plug was slightly Improved
over that obtzined with the standerd plug.

INTRODUCTION

The achievement of satisfactory ignition ln turbolet engines,
necessary at sea level end particularly vital at altitude (because of
combustion blow-out or starting of extra englnes for high power
requirements), may become a serious problem with current engines and
high-aromatic-content and low-volatlility fuels. One cause of fallure
to start in current engines 1s ignlitlon-plug fouling caused by carhon
deposits. Data of reference 1 indlcete that use of fuels with lower
volaetility or fuels with higher aromatic content increases carbon
deposition. Investligations of fuels conforming to specification
AN-F-58 in current turbojet englnes, which were developed for &
different fuel, Indicate that with AN-F-58 fuels a possible
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deleterious effect of carbon deposition on engine performance is
i1gnition-plug fouling (reference 2). Fouling occurred in 17 hours of .
running time at simnlated engilne conditions of 90-percent normal rated
engine speed and 20,000-foot altitude.

1355

An investigetion was made at the NACA Lewis laboratory to deter-
mine if ignition-plug fouling could be prevented by retracting the
plug from the combmstion zone after ignition. The fusls used varled
in volatility end in aromatic content. Investigations were alsc con~-
ducted to determine 1f starting, altitude combustion efficlency, altl-
tude operational limits, and temperature &isbribution at the combustor
outlet would be affected by the change in air distribution in the com-
bustion zone caused by the change in plug position.

The ignition-plug-fouling investigations were conducted at simu-
lated engine conditions of 90-percent normel rated engine speed and
20,000-foot altitude with a modified AN-F-58 fuel and wlth a pure
aromatic fuel, Starting date were obtained with two modified AN-F-58
fuels, and with AN-F-32 fuel at simulated sea~level operation
over & renge of smbient-air temperatures from $0° to -52° F.
Altitude~combustion-efficiency and altitude-operational-limit data
wore determined at onme engline speed, 70-percent normal rated, with one .
of the modified AN-F-58 Tuels and with the pure aramatic fuel., Temper-
ature distributions at the cambustor ocutlet were determined et simulated
engine conditions of 90-percent normal rated englne speed and 20,000~
and 35,000~foot altitudes with a modified AN~-F-58 and with a pure aramatic
fuel.

APPARATUS

A descriptlon of the single combustor from a 4600-pound~-thrust
turbojet engine, the auxiliary equipment, the Instrumentation, and
the loceatlon of instrumentation 18 given in detall I1n reference 2.

The retractable ignition plug and assembly used to obtain data
reported herein are shown in figure 1. The springs A keep the
ignition plug D in the standard position for ignition. The plug mAay
be moved along the gulde rods B to the operating position by any
sultable electrical, mechanical, hydranlic, or combination method.
The bellows C act as a flexible seal allowing the plug to be moved
back and forth. The ignition plug was a standard ignition plug from
the engine used with the center electrode and shell lengthened approxi=
mately 1 Inch to compensate for the length of the bellows. The stand- ‘
ard dome was modified by the addition of a shield E that protects the
ignition plug when retracted.
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A disgrammatic cross section of the standard and the retractable
ignition plugs located in the combustor is presented in figure 2. The
standerd plug and the epproximate sir-flow pattern through and around
the plug are shown in figure 2(a). Figure 2(b) shows the air flow
through the retractable ignition plug, which is 1n the same relative
position es the stendard plug; this position, hereinafter called the
starting position, was used for the starting investigations and for
the initial ignition of the combustor for the other tests. In the
starting position the air flow from around the retracteble plug is
shutoff by the skield. Figwre 2(c) shows the retractaeble ignition
rlug in a positlion herelnafter designated the operating poslitiom,
and the alr flow through ard around the plug. In the operating posi-
tion, the plug electrodes are inslde the shleld and are swept by the
incoming air.

FUELS

Two of the four fuels used in this iInvestligation were modlfied
AN-F-58 fuels: ome designated & high-aromatic AN-F-58, whilch has an aro=
matic content of 29 percent (meximum specification limit is 25 percent);
and the other called & low-volatility AN-F-58, which had the Reld
vapor pressure adjusted from & value of ebout 5 pounds to 1 pound
per square inch. The other two fusls were a pure aromatic fuel known
ag aromatic solvent and a fuel spsecifled as AN-F-32.

Analyses of the fuels are glven in the followlng table:

High- L.ow~ Aromatic |AN-F-32
Jaromatic |volatility |solvent
-F-58 -F-58
A.S.T.M. distillation

D86-46, °F

Initiel bolling point 110 200 310 336

10-percent evaporated 184 248 322 356

S50-percent eveporated 370 356 324 375

Finel boiling point 590 564 370 446
Arocmatics, (percent by

volume)

Silica gel® 29 24 98 15
Specific gravity 0.806 0.801 0.874 | 0.831L
Reid vapor pressure '

(1b/sq in.) 4.8 1.0

|__Hydrogen=-carbon ratlo 0.150 0.155 0,115 | 0.154

&petermined by modified method of reference 3.
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PROCEDURE AND RESULTS
Ignition-~Plug Fouling
Investigations to determine the effect of plug position and dome

modification (figs. 2(2) and 2(c)) on ignition-plug fouling were made
with high-aromatic AN-F-58 and with arcmatic solvent at simulated

englne conditions of 90-percent normal rated engine speed, 20,000-foot

eltitude, and a Mach number of O. The retractable ignition plug was
in the starting poslition for ignition only end then withdrawn to the
operating position (figs. 2(b) and 2(c), respectively).

High-aromatic AN-F-58. - The standard plug was fouled {ignition
impossible) after 6 hours of operating time as shown in figure 3(a),
although the carbon deposits on the plug electrodes were considered
light. After cleaning the plug, ancther 6-hour run was made and the
plug was not fouled &lthough the gap between the electrodes was about
one-third of normal (fig. 3(b)). For the 1l2-howr running time with
the high-sromatic AN-F-58, no large carbon deposita were formed
elther on the dome or the limer. The primary-alr louvers were partly
blocked, however, and the deposits on the nozzle might have been
affecting the fuel spray.

The carbon deposits after a l2-hour run with high-sromatic
AN-F-58 and the retracteble ignition plug are shown in figure 4(e);
the plug was not fouled. Figure 4(b) is the seme as figure 4(a)
except the plug hes been moved to the starting posltion for better
exeminstlon of the electrodes.

Arcmatic solvent. - The standard plug waes fouled after 6 hours
of operstion as shown in figure 5(a). With the aromatic solvent,
the carbon deposits on the liner, the dome, and the primsry-air
louvers were much heavier than the deposits obtained with the high-
arametic AN-F-58 as would be predicted from the date of reference 1.
After the plug was cleasned, another &-hour run was made; the plug was
again fouled and the deposits on the other parts of the combustor had
increased (fig. 5(b)).

As shown in figure 6, the retractable plug was not fouled after
either 6 or 16 hours of run time with the arcmatic solvent. Fig-
ures 6(a) and 6(b) are the same except the plug has been moved to the
starting position in figure 6(b) for better examination of the elec-
trodes after a 6-hour run. Figures 6(c) and 6(d) show the carbon
deposits in the combustor after sn additional 10 hours of operation
had been accumulated. ' ' )
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Starting

Investigetions of the effect of plug positidn and dome modi-
fications on starting were determined with AN-F-32, low-voletllity
AN-F-58, and high-aromatic AN-F-58 at an engine speed of 1500 rpm
end sea-lsvel smblent pressures at & Mach number of 0. Amblent-air
temperature was varied fram 90° to -52° F. The fuel was st ambient
room temperature. The investigations were conducted with the stand-
ard plug (fig. 2(2)) and with the retractable plug in the starting
position (fig. 2(b)).

With each amblent-alr tempersture investigabted, the combustor
inlet-air conditions were sdjusted to the valwes corresponding to
the designated engine condition. If a particular fuel lgnited &nd
a2 canbustor-outlet temperature sufflicient for acceleration wes
obtained, the procedure wes repeated with & lower amblent-alr
temperature until elther the proper combustor-outlet temperature or
a lower amblent-air temperature was unobtaineble. No sttempt wes
mede to determine the minimum fuel-sir ratio at which ignition would
occur for any of the fuels. The rate of fuel addition up to the mexi-
mm fuel flow used (150 1b/hr) wes approximately the same for all the
Tuels and conditidms investigated.

Ignition end proper combustor-outlet temperature were obtained
with either plug end with each of the three fuels investigated atb
embient-air temperatures édown to 520 F s which was the lowest tempera-
ture available. The data indicated that no notlceeble dlfference in
starting existed between the two ignition plugs over the limlited range
investigated and with the fuel-zddition method used.

Data from unpublilshed studies conducted at the NACA Lewis labo-
ratory show that with controlled fuel flow or fuelra.ir ratio during
ignition there is a minimum value of fuel flow below which ignition
will not occur. This value increases wlth decrease in amblent-air
temperature and increases with Increase 1n the 10-percent evaporated
temperature of fuels.

With the stendard plug (fig. 2(2)), certain engine conditions end
fuels probably require an excessive smount of fuel for a proper fuel-
eir mixture around the ignition source. This requirement often
results in "hot-starts", which are detrimental to the engine. Use of
the retractable plug at these conditions may result in the proper fuel-
alr mixture for ignition at the plug at lower values of fuel flow
beceuse the incoming ailr from eround the plug is blocked (fig. 2(Db))}.
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Altitude Combustion Efficilency end Altitude Operational Limits

The investigations to determine the effect of ignition-plug
position and dome modification (figs. 2(e) and 2(c)) on altitude com-
bustion efficlency and altitude operational limits were made with
high-aromatic AN-F-58 and aromatlc solvent at a simmlated engine speed
of 70-percent of normal rated and e Mach number of O.

The eltitude operational limit is defined as the altitude above
which the combustor will not deliver sufficient temperature rise to
operate the engine at a designated rotational speed. The data for
the selection of the required temperature rise at each condition were
obtained from the menufacturer's estimates.

For 70-percent noxrmal rated englne speed and at each altitude
condition, the fuel flow was increased after lgnition in an effort to
obtaln an average combustor-outlet temperature equal to or greater
than that required for engipe operation at eltitudes from 20,000 feet

to the operational limit.

Deta showlng the altitude operational limits and varlation of
combustion efficlency with altibtude are presented in figure 7. The
altitude limits obtained with uwse of the standard and the retractable
plugs (figs. 2(a) and 2(c), respectively) and with either fuel varied
from 52,500 to 53,750 feet; in general, the retractable plug had no
offect on the limite as determined with the standard plug. The com-
bustion efficlencies at altitude were epproximastely the same for both
gtandard and retractable plugs.

Temperature Distribution at Combustor Outlet

Investigations were made to determine i1f the use of the retract-
able ignition plug and dome modifications would affect the temperature
distridbution at the combustor outlet as determined with the standard
plug. Two fuels, high-aromatic AN-F-58 and arcmatic solvent, were
used at simuleted engine conditions of 90-percent normel rated engine
speed, altitvdes of 20,000 and 35,000 feet, and at a Mach number of O.
After ignition, the desired simulated engine conditions were estab-
lished and the readings of 16 thermocouples (eight peirs) at the com-
bustor outlet (reference 2, fig. 2, sectlon C-C) were recorded when
conditions had stebilized. The date were measured in the circular
duct; the transition plece to convert the circular cross sectlon to
an annular segment was not used. Two more sets of deta were recorded
at l/Z-hour intervals. The data used for any one thermocouple station
were the averasge of the six readings for that station (three for each

thermocouple).
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The temperature distribution at the combustor outlet for simu-
lated engline conditlons at altitudes of 20,000 and 35,000 feet 1s
shown in figure 8. The redial position of the plug 1s shown on the
two figures. Because the resulte of the two fuels (high-aromstic
AR-F-58 and aromatic solvent) had simllar trends, only data of high-
arcmatic AN-F-58 are presented.

The average combustor-outlet temperature obtained with the
retracteble ignition plug and modified dome was more than 100° F less
in an aree opposite the plug posltion than the temperature obtalned
with the standard plug, for both altitiide conditlons. The tempereature
decreases of approximately 100° ¥, which may or msy not be significant,
were probably caused by a change in eir distribution in the combustion
zone when the retractable plug was used. In general, with the eguip-
ment used in these iInvestigations, an improvement in the temperature
distribution at the combustor outlet was cobtaimed by use of the
retracteble plug and modified dome.

SUMMARY OF RESULTS

A retractable ignitlon plug designed to avoid fouling due to
carbon depoelts wes compared wlth a standerd ignition plug on the
basis of plug foullng, sterting, altitonde combustion efficlency,
altitude operationsl limits, end temperature distribution; the
following results were obtalined:

1. Retrecting the ignition plug from the combustlon zone after
ignition prevented plug fouling by carbon. The retractable ignition
plug investigated was not founled with carbop deposits after 12 to
16 hours of operation by engine conditions or by fuels that caused
fouling (ignition impossible) of the standerd plug in 6 hours.

2. The retracteble ignition plug had no deleterious effect on
starting when compered with a standerd plug over the ra.nge of con-
ditions investigated.

3. The alititude operational limlts and the altitude combustion
efficiencies obtained with the retracteble ignitlon plug were within
experimentel error of the limits and efficlencies obbtalned with the

standard plug.
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4. The temperasture distribution at the combustor outlet obtained
with the retractable ignition plug was slightly improved over that
obtained with the stendard plug.

Lewis Flight Propulsion Leboratory,
Natlonal Advisory Committee for Aeronsutics,
Cleveland, Ohio.
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oA AdJustable springs for holding plug
o R ™ in eatarting positlion
© e e B Quide rods
¢ Bollows

D _Retractable ignition plug
¥ Dome

Flguwre 1., - Belractable ignltlion plug and assembly.
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(a) Stendard ignitlon plng.

(b) Retractable ignitlon plug in stendard or starting positilon.

—s.

Installed in combustor.

=

Figure 2, - Diagrammatlc cross sectlons of standard end retracteble ignition plugs

(c) Retxractable ignition plug in withdrewn or operating position.
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C. 26046
6-12-50

(e) Plug fouled by cexrbon deposits., Flug opersting time, 6 hours; combustor
operating time, 6 hours.

C-23290
4-12.49

(b) Plug not fouled by carbon deposits. Plug opereting time after cleaning,
6 hours; accumulated combustor operating time, 12 hours.

Figure 3, - Standard lgnition plug. Fuel, high-aromatic AN-F-58; simulated engine
condltions: englire speed, 90-percent normel rated; altitude, 20,000 feet; flighi
Mach muwber, O.
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(b) Starting position.

Figure 4. -~ Retractable ignitlon plug not fouled by cerbon deposita. Cperating time,
12 hours. Fuel, high-aromatic AN-F-58; simulated engine comditions: engine speed,
90-percent normal rated; altlitude, 20,000 feet; flight Mach number, O. '
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4.
~  c.23313
4-15-49

(b) Plug operating time after cleaning, 6 hours; eccumlated combustor opereting

time, 12 hours.
Figure 5. - Stendard ignition plug fouled by carbon deposits.

Fuel, arcamatlc solvent;

simulated engine conditions: englne speed, 90-percent normal rated; altituds,

20,000 feel; Llight Mach number, O,
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C-.23820
7+22-49

{(a) Operating positlion. Operating time, 6 hours,

(b) Starting position. Operating time, 6 hours.

Flgure 6. - Relractable i1gnitlion plug not fouled by carbon deposits. Fusl, ercmatic
solvent; simuleted engine oconditions: engline speed, 90-percent normal reted;
altitude, 20,000 feet; flight Mach mumber, O.
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C.23857
Ve B-1-49

(c) Operating position. Opersting time, 16 hours,

C- 23856
8-1-49

() Starting position. Operating time, 16 hours.
Figure 6. - Concluded., Retractable ignitlon plug not fouled by carbon deposilis.

Fuel, aromatic solvent; simulated engine conditlons: engine speed, 90-percent
normel rated; altitude, 20,000 feet; flight Mzch number, 0.
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